Abstract
Introduction

33
ATP is a coenzyme that serves as an universal energy currency and as building 
Results
105
Identification of fungal proteins in the apoplast of barley roots 106 In order to identify soluble secreted candidate effector proteins during S. indica root cytoplasmic GFP protein contamination due to cell lysis was corroborated by western 115 blotting of the apoplastic protein samples using anti-GFP antibody (Fig. S1A ).
116
LC-MS/MS analysis after tryptic digestion led to the identification of 102 S. indica 117 proteins putatively targeted to the apoplast of which thirty-three were present at all 118 three time points in at least one of the biological replicates (Table S1 and Fig. 1A , B).
119
Predictions using ApoplastP (http://apoplastp.csiro.au/) and SecretomeP
120
(http://www.cbs.dtu.dk/services/SecretomeP-1.0/) indicated that 48 of the 102 S. 121 indica proteins are putatively targeted to the plant apoplast (47%) with 9 proteins 122 predicted to be secreted via a non-canonical secretion pathway using a cutoff of 0.6 123 (Table S2) . No peptides for GFP were found in any of the apoplastic fluid samples, 124 confirming the GFP western blotting analysis. Twenty proteins were unique at 5 dpi, 125 4 at 10 dpi and 21 at 14 dpi, suggesting differential secretion of S. indica proteins at 126 different stages of colonization (Table S1 ).
127
Twenty-one of the 102 identified apoplastic proteins were also found in the culture 128 filtrate of S. indica grown in CM, which included a large proportion of enzymes acting 129 on peptide bonds (Fig. 1A, B) . The majority of these proteases might conceivably (Table S1 ). were related to purine metabolism, and specifically to ATP metabolic processes 154 (Table S3 , Fig. S1B and S2 ).
155
Among the fungal proteins specifically present in the apoplastic fluid of colonized 156 roots, several ATP-scavenging enzymes, including a 5'-nucleotidase (PIIN_01005) 157 and a nucleoside diphosphate kinase (PIIN_00784) were identified (Table S1 and Magnaporthe oryzae (Table S4 and Fig. S1B asterisks) (Kim, Wang et al., 2013) . The results show that eATP levels are significantly higher in S. indica colonized roots 173 compared to mock treated plants, especially at early symbiotic stages where the 174 biotrophic interaction is still predominant ( Fig. 2A, B 
183
After confirming the inability of the dorn1-3 mutant to respond to eATP and eADP 184 with cytoplasmic calcium influx (Fig. S3) based on sequence alignment with the available proteins structures (Fig. 3A , B, C).
219
The crystal structure of the human E5'NT shows that the loop (Cys476-Pro482) is 220 crucial for dimer formation (Knapp et al., 2012 (Fig. S5C , D) but they produced less seeds (Fig. S5E ).
254
To confirm secretion of this fungal enzyme in A. thaliana transgenic lines, confocal 
306
Taken together our data demonstrate that eATP accumulates in the apoplast upon Basidiomycota E5´NT members are only present in the Agaromycotina (Fig. 3D) . fungal responsive genes (Fig. 4) . In conclusion our work demonstrate that eATP 406 perception plays an important role in plant-fungal interaction in the roots and that S.
407
indica has an intrinsic mechanism to counteract bioactive extracellular nucleotides- 
446
Arabidopsis seeds were surface sterilized with 70% ethanol for 10 min followed by
447
100% ethanol for 7 min and then air dried. under light shaking in 70% ethanol followed by 1 hour in 12% sodium hypochlorite.
466
Subsequently, seeds were washed repeatedly for 1 hour with sterile distilled water.
467
After germination for three days at 22°C in complete darkness on wet filter paper, searched against the respective databases, including a list of common contaminants.
519
The minimal peptide length was set to 7 amino acids and carbamidomethylation at 520 cysteine residues was considered as a fixed modification. Oxidation (M) and Acetyl 
525
Construction of plasmids
526
Full length E5'NT (PIIN_01005) was amplified from cDNA of barley roots inoculated 527 with S. indica at 5 dpi by respective oligonucleotides (Table S5) weeks later tested by PCR using a gene-specific primer (Table S5) 
